A simple, sensitive, and inexpensive method was developed using matrix solid-phase dispersion (MSPD), together with high performance liquid chromatographic method for determination of sulfonylurea herbicide residues (nicosulfuron, pyrazosulfuron ethyl, metsulfuron methyl, chlorsulfuron and azimsulfuron) in groundnut oil. The evaluated parameters included the type and amount of sorbent (silica gel, C 18 and florisil) and the nature of eluent (ethyl acetate, dichloromethane, and acetonitrile). The best results were obtained using 1.0 g of groundnut oil sample, 1.0 g of C 18 as sorbent, and 20 mL of ethyl acetate-dichloromethane (1 : 1, (v/v)). The method was validated using groundnut oil samples spiked with sulfonylurea herbicides at different concentration levels (0.05 and 0.5 µg/mL). Average recoveries (using each concentration six replicates) ranged 90-97%, with relative standard deviations less than 3%, the concentration of calibration solutions was in the range 0.01-2.0 µg/mL and limits of detection (LOD) as well as limits of quantification (LOQ) were 0.01 µg/mL and 0.05 µg/mL, respectively.
Introduction
Sulfonylureas are a family of environmentally compatible herbicides that were discovered by crop protection in 1975 and first commercialized for wheat and barley crops in 1982. They have now been developed and commercialized worldwide in all major agronomic crops and for many specialty uses.
Sulfonylurea herbicide represents a major advance global crop protection technology and has revolutionized weed control by introducing a unique mode of action. Specifically, these compounds interfere with a key enzyme required for weed cell growth-acetolactate syntheses. Furthermore sulfonylureas are compatible with the global trend toward postemergence weed control and integrated pest management [1, 2] . Various methods have been described for the determination of these sulfonylurea [3] [4] [5] herbicides, using solid-phase extraction (SPE), solid-phase microextraction (SPME), supercritical fluid extraction (SFE), and matrix solid-phase dispersion (MSPD). However, none of the published researches to date have reported the simultaneous analysis of chemical classes such as nicosulfuron, pyrazosulfuron ethyl, metsulfuron methyl, chlorsulfuron, and azimsulfuron in groundnut oil.
The matrix solid-phase dispersion (MSPD) technique was developed by Barker in 1989. It has advantages over conventional techniques because it employs small amounts of sample and solvent, and the extraction procedure consists of only a few experimental steps. MSPD evolved from the solid-phase extraction (SPE) technique, modified for application to solid and semisolid matrices. The MSPD procedure is based on the use of a sorbent [6, 7] , which acts as an abrasive in order to produce a modified "opening" of the solid matrix, facilitating the extraction process when using a suitable solvent for eluting the analytes. The use of MSPD for sulfonylurea herbicides recovery depends on the solubility of the sulfonylurea herbicides in the eluting solvent, as well as the interactions between the matrix components, sorbent, and eluent [8] .
Due to the lack of literature reports concerning the use of MSPD as an extraction technique for Sulfonylurea herbicides belonging to different chemical classes from plants, this paper presents an MSPD method for determination of residue of Sulfonylurea herbicides in groundnut oil. So, the present research considered five different chemical classes, namely, nicosulfuron, pyrazosulfuron ethyl, metsulfuron methyl, chlorsulfuron, and azimsulfuron which are analyzed by high-performance liquid chromatography with ultraviolet detector (HPLC-UV). Limited, Mumbai, and groundnut oil was purchased from local market. They were brought to the laboratory and stored in plastic bag under refrigerator condition until they were processed in the laboratory.
Experimental

Standard Stock Solutions.
The sulfonylurea herbicide standard stock solutions were individually prepared in acetonitrile at a concentration level of 100 µg/mL and stored in a freezer at −18
• C. The stock standard solutions were used for up to 3 months. Suitable concentrations of working standards were prepared from the stock solutions by dilution using acetonitrile, immediately prior to sample preparation.
Sample
Preparation. Representative 1.0 g portions of groundnut oil fortified with 100 µL of working standard solution. The mixture was then gently blended in the mortar for 30 min, to assess the homogeneity of the sample. The sample was allowed to stand at room temperature for one hour until analysis. with 20 mL of ethyl acetate-dichloromethane (1 : 1). The eluent was collected into a 50 mL tube and evaporated the sample to 5 mL under gentle stream of nitrogen, with the water bath temperature set at 40-45
Extraction
• C.
Chromatographic Separation Parameters.
The HPLC-UV system used, consisted of Shimadzu high performance liquid chromatography with LC-20AT pump and SPD-20A interfaced with LC solution software, equipped with a reversed phase C8 analytical column of 150 mm × 4.6 mm and particle size 3.5 µm (Zorbax SB-C8) column temperature was maintained at 40
• C. The injected sample volume was 20 µL. Mobile phases A and B were acetonitrile and 0.1% formic acid (70 : 30 (v/v)). The flow-rate used was kept at 1.2 mL/min. The detector wavelength was 225 nm. The external standard method was used for this analysis.
Method Validation.
Method validation ensures analysis credibility. In this study, the parameters accuracy, precision, linearity, and limits of detection (LOD) and quantification (LOQ) were considered. The accuracy of the method was determined by recovery tests, using samples spiked at concentration levels of 0.05 and 0.5 mg/kg. Linearity was determined by different known concentrations (0.01, 0.05, 0.1, 0.5, 1.0, and 2.0 µg/mL) which were prepared by diluting the stock solution. The limit of detection (LOD, µg/mL) was determined as the lowest concentration giving a response of 3 times the baseline noise defined from the analysis of control (untreated) sample. The limit of quantification (LOQ, µg/mL) was determined as the lowest concentration of a given herbicide giving a response of 10 times the baseline noise.
Results and Discussion
3.1. Specificity. Specificity was confirmed by injecting the groundnut oil control. There were no matrix peaks in the chromatograms to interfere with the analysis of herbicide residues shown in Figure 1 . Furthermore, the retention times of nicosulfuron, pyrazosulfuron ethyl, metsulfuron methyl, 
Accuracy and Precision.
Recovery studies were carried out at 0.05 and 0.5 µg/mL fortification levels for nicosulfuron, pyrazosulfuron ethyl, metsulfuron methyl, chlorsulfuron, and azimsulfuron in groundnut oil. The recovery data and relative standard deviation values obtained by this method are summarized in Table 1 .
These numbers were calculated from five (6) replicate analyses of given sample (nicosulfuron, pyrazosulfuron ethyl, metsulfuron methyl, chlorsulfuron, and azimsulfuron) made by a single analyst on one day. The repeatability of method was satisfactory (RSDs <3%).
Detection and Quantification Limits.
The limit of quantification was determined to be 0.05 µg/mL. The quantitation limit was defined as the lowest fortification level evaluated at which acceptable average recoveries (90-97%, RSD <3%) were achieved. This quantitation limit also reflects the fortification level at which an analyte peak is consistently generated at approximately 10 times the baseline noise in the chromatogram. The limit of detection was determined to be 0.01 µg/mL at a level of approximately three times the back ground of control injection around the retention time of the peak of interest.
Storage Stability.
A storage stability study was conducted at −20 ± 1
• C with groundnut oil samples spiked with 0.1 µg/mL of nicosulfuron, pyrazosulfuron ethyl, metsulfuron methyl, chlorsulfuron, and azimsulfuron Samples and stored for a period of 30 days at this temperature. Nicosulfuron, pyrazosulfuron ethyl, metsulfuron methyl, chlorsulfuron and azimsulfuron contents were analysed before storing and at the end of storage period. The percentage dissipation observed for the above storage period was only 2% for nicosulfuron, pyrazosulfuron ethyl, metsulfuron methyl, chlorsulfuron, and azimsulfuron showing no significant loss of residues on storage. The results are presented in Table 2 .
Conclusions
This paper describes for the first time a fast, simple, and sensitive analytical method based on MSPD with HPLC-UV developed and validated for the simultaneous determination of five sulfonylurea herbicides residues in groundnut oil.
The MSPD extraction procedure of the described method is very simple and requires no sample preparation or pretreatment, providing adequate cleanup of the matrix. Whole groundnut oil extracts are very clean, with no interfering peaks at the retention time of the target compounds, indicating good selectivity of the proposed method.
The mobile phase acetonitrile and 0.1% formic acid yield good separation and resolution and the analysis time required for the chromatographic determination of the five Sulfonylurea herbicides are very short (around 25 min for a chromatographic run).
Satisfactory validation parameters such as linearity, recovery, precision, and very low limits were obtained according to the EU guidelines. For all of the sulfonylurea herbicides the sensitivity of the method was good enough to ensure reliable determination levels lower than the respective MRLs. Therefore, the proposed analytical procedure could satisfactorily be useful for regular monitoring of sulfonylurea herbicides residues on a large number of oil samples. 
